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(54) Well drilling and servicing fluids 

(57) Well drilling and servicing fluids for use in pro- 
ducing formations to deposit filter cake therein comprise 
water, a density increasing water soluble salt, afluid loss 
control agent, a hydratable polymer solid suspending 
agent and a particulate solid bridging agent which is sol- 



uble in an aqueous ammonium salt solution. The depos- 
ited filter cal<e is then contacted with an aqueous solu- 
tion of an ammonium salt to dissolve the bridging agent. 



CM 
< 

Q 
00 



Q. 
LU 



Printed by Jouve, 75001 PARIS <PR) 



BNSDOCID: <EP 1 178099A2J_> 



EP 1 178 099 A2 



Description 

100011 The present invention relates to well drllUng and servicing fluids utilized in producing formations which fluids 
deposit filter cake in the to""ations^ hydrocarbon producing formations penetrated by well bores 

[00021 The use of special fluids ^^'^^"'''"a "'/^^"""^^^ drilled into producing formations to minimize damage 

is well known. The drilling fluids are utitaed ^^^^^ ' fluids are utilized when corn- 
to the permeability of the formations and the.rabrt^^^^^ 

rd^rd^^^^^^^^^^^ 
^rs^ronh^s?^^^^^^^^^ 

^^^^^^^ 

a strongly acidic solution, and the acidic solution '° ^, a^oid a the strongly acidic solution 

roLrcrdrsaS^^^^ 

tZT^c solution may also be incompatible with ^^^J^J^^^^^^ orTeSTrds. andthefi«er 

[00041 water soluble P-'^'-'f "acted wi h an ^'ueous salt solution which is undersat- 

cake containing the water soluble bndging agent has been contac^ea w« ^ e^aueovs solutions require 

urated with respect ^<^^'^J^^^[:2l^^^^^^ TL X^^^Lpel.^., agents included in 

particles from the aqueous solution. ,i,t^r and therebv allow the bridging agent in the filter 

FOOOSI in order to remove the P^^--^-^,^^^^^^^ an^ueous salt solution 

cake to be dissolved by aqueous solutions, the filter cake has . ^ ^^^^ ^^id has also been 

containing a peroxide such as ^^^^ P^^^;;,'^^^^^^ solution has 

included in the the polymers in the fi«er cake are decom- 

been maintained in contact wrth the filter c^^ce f or a p^o contacted with a wash solution to 

posed and the ''"^ging agent disso^e^ ^^„^.„.„g ^.^al peroxide 

^dtratTpSet™ 

;?or^?Stri^rnic^^^^^^ 

deposited by the fluids l'^'^J>'°^^^^'°;TZ'^^r^ be reduced or overcome by using as the particulate solid bridging 
[00071 We have J*^"^^^^^^ S ioSle by a Sn up solution comprised of water and an ammonium salt, 

agent an inorganic compound which is d ssoivaoie oy a c ^ . ■ ^„ use downhole in producing 

tormatlon WBieh cake has been '^'''"^''''^"^"'^^"^^ „,„ „ ammonium sail loi a penod of tine such 
acting said lillet caKe «i* a c'»"-"P J^J'"" 3^ nSi. ». bnd~g.nt is mesn^i.™ o.ide and the 

rnSirrreirur:-™ 

can be readily removed without the use ^^^°'^T^^^^^^^^^^ ^^^ium acetate, sodium formate, sodium citrate, 
*r™n°:ra:;1S b-^^^n-oi^e^ .nne. can be u^i.ed end ^ p™,e.ed 
due to their ready availability in the oilfield. 
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[0013] A variety of fluid loss control agents can be utilized in the well drilling or servicing fluids of this invention, 
including, but not limited to, starch, starch ether derivatives, hydroxyethylcellulose, cross-linked hydroxyethylcellulose 
and nnixtures thereof. Of these, starch Is the most preferred. The fluid loss control agent is generally included in the 
salt solution or brine in an amount In the range of from about 0% to about 2% by weight of the salt solution or brine, 

5 more preferably in the range of from about 1% to about 1 .3% and most preferably about 1 ,3%. 

[0014] A variety of hydratable polymer solid suspending agents can be utilized, including, but not limited to, biopol- 
ymers such as xanthan and succlnoglycon, cellulose derivatives such as hydroxyethylcellulose and guar and its de- 
rivatives such as hydroxypropyl guar. Of these, xanthan is prefenred. The hydratable polymer is generally included in 
the drilling or servicing fluid in an amount in the range of from about 0% to about 0.6% by weight of the salt solution 

10 or brine, more preferably in the range of from about 0.13% to about 0.16% and most preferably about 0.13%. 

[0015] In accordance with this invention, the particulate solid bridging agent is an inorganic compound that is sub- 
stantially insoluble in water, but which Is substantially soluble In aqueous ammonium salt clean-up solutions. Examples 
of such compounds include, but are not limited to, metal oxides, metal hydroxides, metal carbonates, metal sulfates, 
metal tungstates, metal fluorides, metal phosphates, metal peroxides, metal fluosilicates and the like. Examples of 

15 suitable metal oxides which can be used include, but are not limited to, magnesium oxide, manganese oxide, calcium 
oxide, lanthanum oxide, cupric oxide and zinc oxide. Ot these, magnesium oxide Is preferred. The bridging agent 
utilized in the drilling or servicing fluid is generally included therein In the amount of from about 5% to about 60% by 
weight of the aqueous salt solution or brine, more preferably In the range of from about 1 0% to about 27% and most 
preferably about 14 

20 [001 6] As will be understood by those skilled in the art, the particulate solid bridging agent is deposited by the drilling 
or servicing fluid on the walls of the well bore in the producing zone being drilled or serviced along with other solid 
particles and gelled suspending agent polymer. Upon completion of the drilling or servicing operation, a clean-up so- 
lution comprised of water and an ammonium salt is introduced into the well bore whereby the particulate solid bridging 
agent in the filter cake is dissolved. 

25 [0017] In addition to the bridging agent, the drilling or sen/icing fluid can also contain an oxidizer or other breaker 
which is activated by the ammonium salt in the clean-up solution and functions to oxidize and break up gelled polymeric 
suspending agents and fluid loss control additives in the filter cake. The breaking up of the polymeric materials allows 
the particulate solid bridging agent to be dissolved by the clean-up solution in a shorter period of time. Generally, any 
oxidizer or other breaker that can be deposited with the filter cake and is substantially inactive until contacted with an 

30 aqueous ammonium salt solution can be utilized. For example, oxidizers that are substantially insoluble in water but 
are soluble In an aqueous ammonium salt solution can be utilized. Oxidizers or other breakers that can be encapsulated 
with a material that is insoluble In water but soluble in aqueous ammonium salt solutions can also be used. 
[001 8] Various unencapsulated oxidizers and breakers that can be utilized in accordance with this invention include, 
but are not limited to, magnesium peroxide, magnesium peroxydiphosphate, strontium peroxide, barium peroxide, 

35 calcium peroxide, magnesium perborate, barium bromate and mixtures thereof. Of these, magnesium peroxide is pre- 
ferred. The oxidizer or breaker utilized is generally included in the drilling or servicing fluid in an amount in the range 
of from about 0.1% to about 6% by weight of the aqueous salt solution or brine, more preferably In the range of from 
about 0.3% to about 3% and most preferably about 0.3%. 

[001 9] The ammonium salt utilized in the clean-up solution can be one or more ammonium salts having the following 
40 formula: 

45 Wherein R is an alkyi group having from 1 to 6 carbon atoms, n is an Integer from 0 to 3 and X is an anionic radical 
selected from halogens, nitrate, citrate, acetate, sulfate, phosphate and hydrogen sulfate. 

[0020] Examples of suitable such ammonium salts include, but are not limited to, ammonium chloride, ammonium 
bromide, ammonium nitrate, ammonium citrate, ammonium acetate and mixtures thereof. Of these, ammonium chloride 
is preferred. The ammonium salt utilized is generally included in the clean-up solution in an amount in the range of 
so from about 3% to about 25% by weight of water therein, more preferably in the range of from about 5% to about 1 4% 
and most preferably about 5%. 

[0021] The clean-up solution also preferably includes a chelating agent to facilitate the dissolution of the bridging 
agent in the clean-up solution. The tenm "chelating agenr Is used herein to mean a chemical that will form a water- 
soluble complex with the cationic portion of the bridging agent to be dissolved. Various chelating agents can be utilized 
55 including, but not limited to, ethylenediaminetetraacetic acid (EDTA) and salts thereof, dlaminocyclohexanetetraacetic 
acid and salts thereof, nitrilotriacetic acid (NTA) and salts thereof, citric acid and salts thereof, diglycolic acid and salts 
thereof, phosphonic acid and salts thereof, aspartic acid and its polymers and mixtures thereof. Of these, citric acid is 
preferred. The chelating agent utilized is generally included in the clean-up solution in an amount In the range of from 
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remaining filter cake. ^imiiatAd throuah the well bore in the producing formation to 

10023] 'tn^^^'V- '''^^^'^r^^^^^^^ utilized should be an aqueous 

wash remaining filter cake from the walls ^J'^'^^^^^^l^Z^^^^^^ containing producing formation. Thus, 
solution Which does not ^^^^^^^^^^ salts which inhibit the swelling and/or dis- 

^e^rrpi^e^:^^^^^^ 

^thyl ammonium chloride. Of '^i^^feVof ammonfum salts utilized in the clean-up solution 

[00241 As will also be understood, the ammonium salt or f"'^"'^'' encapsulated to delay the 

can be delivered in solution as described above or the am-o"^^^ S^ed AJ^^e; simirSchnique for delivering 
dissolution of the bridging solids untH the clean-up t e^^^^^^^^^^^^ rforammonium catenate. When a 

irsrKbr. of the niter cake can a.o^^^^^^^^^ 

the bridging agent particles out of the presence of an^mo"mm ° ^J^^ ,f J fom, or generated in- 

the drilling or servicing fluid and the ammon.um salt ^^.^^^'^^^^^^^^ be utilized such as delivering 

situ.Variousothertechniquesknowntothosesk. edm he arifo pr^^^^^^^^ 

rcrrp^rufarprar^^^^ to . where the ammonium salt 

a producing fomnation. The filter cake .s deposited in ^"l^ .^f -om^^ a hydratable polymer solids 

comprised of water, a density increasing water soluble salt^ "'^J^^^^^^^ of the following steps. 

suspending agent and a particulate solid bndg.ng «9^"^;,^'^^^^"^^ ^^°2".^ an rr^orga^^c compound which dissolves 

The particulate solid bridging agent utilized m the dniling or ^^^^ f '"9j'"f '7" is removed from 

in a clean-up solution comprised of water and an with a 

the well bore, the filter cake remaining on the walls of '^^^^"^^1^°'^'^^^ 
Clean-up solutton comprised of water and an ammonium sj^ for a penc^d^^^^^ 

thereby. As mentioned above, the drilling or J ^° f^^^^ by the ammonium salt 

posited on the walls of the well bore in the filter cake. ^« ° J^^^^^^^^ Also as mentioned above, after 

Tn the clean-up solution and oxidizes and breaks "P 9^"^ ..P° y^^!! ^nJ^^^^^^^^ agent therein, a wash 

a producing formation deposited therein by a dnlling or servicmg iima p selected from the group consisting 

servicing fluid is utilized comprised of water, a ^^"^'^ '"/-^^^^^^^^^^^ mi«uStereof or one or more brines 

Of sodium chloride, sodium bromide, potassium chloride, solid suspending agent 

containing such salts, a fluid loss control agent «o'"P"^f an aqueous ammonium 

comprised of xanthan, a particulate solid -"^S^^^'""; '^"^a^"^,^^^^^^ the ammonium salt to 

salt solution and a particulate solid magnesium P^'^^'^'^ ^^^^^^^ by the drilling or semcing 
oxidize and break up gelled polymer in the f ilter "^^f agent such as citric 
, fluidiscontactedwlthaclean-upsolutioncom^^^^^^^^^^ 

acid for a time period such that gelled ^^'^^^^ Jll^l^eln^^^^^ A wash solution can next be utilized to 
and the magnesium oxide bndging agent is dissolved by the "P;°;"\ ^^e remaining filter cake can be 

contact the walls of the well bore and wash away ^"yj^'"^'""^^;'"^^^^^^^ se^icing fluid and/or 

pies are given. 
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Example 1 

[0029] Horizontal wells are otten completed utilizing servicing fluids which include particulate solid bridging agents 
that are deposited as a part of the filter cake on the walls of the well bores. The wells are completed by placing gravel 
5 packs in the producing zones and clean-up solution is placed in the gravel packs and left to soak so that the filter cake 
is dissolved and removed. In a typical horizontal well completed with a gravel pack in an 8 1^" diameter well bore with 
5 1^" diameter screens, the solubility of the bridging particles in the filter cake should be in the range of from about 1 .5 
to about 3 grams of filter cake per 100 cubic centimeters of clean-up solution. 

[0030] A procedure for testing clean-up solutions for dissolving various particulate bridging agent was developed as 
10 follows: 1 .5 grams of the particulate bridging agent tested are added to a 50 milliliter vial. The vial is then filled with 
clean-up solution, capped and placed in a 150° water bath for 24 hours. Thereafter, the solids in the vial are filtered 
using a preweighed fitter. The filter with the solids thereon is dried and weighed to detemnine the weight of the undis- 
solved solids. The solubility of the particulate bridging agent is then calculated in grams of bridging agent dissolved 
per 100 cubic centimeters of clean-up solution used. 
IS [0031] A variety of particulate bridging agents and clean-up solutions were tested using the above described proce- 
dure, and the results of the testing are given in the Table below. 



TABLE 



Dissolution Of Particulate Solid Bridging Agents With Ammonium Salt Solutions 


Particulate Bridging Agent 


Aqueous Ammonium Salt Clean-Up 


Solubility, grams per 1 00 cubk: centimeter 




Solution 




Magnesium Oxide 


4 M Ammonium Chloride 


1.6 


Magnesium Oxide 


8 M Ammonium Acetate 


2.8 


Magnesium Oxide 


1 .3 M Ammonium Chloride plus 1 M 


2.8 




Sodium Citrate 




Magnesium Carbonate 


8 M Ammonium Acetate 


2.2 


Magnesium Carbonate 


4 M Ammonium Chloride plus 0.4 M 


2.9 




Trisodium Salt of Nitrilotriacetic Acid 






(NTA) 




Anhydrite (CaS04) 


4 M Ammonium Chloride 


1.7 


Anhydrite (CaS04) 


8 M Ammonium Acetate 


2.9 


Lime (CaOH) 


1 .3 M Ammonium Chloride 


3 


Zinc Oxide 


4 M Ammonium Chloride 


3 


Zinc Oxide 


1 .3 M Ammonium Chloride plus 0.8 M 


2.9 




Sodium Citrate 




Zinc Carbonate 


4 M Ammonium Chloride 


2.4 


Lanthanum Oxide 


0.36 M Diammonium Salt of 


2.2 




Ethylenediaminetetraacetic Acid (EDTA) 




Manganese Hydroxide 


4 M Ammonium Chloride 


1.5 



[0032] From the test results set forth in the Table, it can be seen that ammonium salt clean-up solutions of this 
invention are effective in dissolving a variety of inorganic bridging agent particles. 



Example 2 

[0033] A drilling or servicing fluid was prepared comprised of 350 milliliters of water containing 3% potassium chloride 
by weight of water, 4 grams of starch fluid loss control additive, 2 grams of xanthan polymer suspending agent and 3 
grams of particulate solid magnesium oxide bridging agent. The fluid was placed in two fluid loss cells wherein it was 
heated to 160'F and pressured to 500 psi with nitrogen. The total filtrate loss in 30 minutes from the cells through 
porous media containing 10 micron pores was 26 milliliters. The fluid was then poured off leaving filter cake produced 
by the fluid on the porous media. To one cell a 3% by weight calcium chloride brine was added as a control. To the 
second cell a 7% ammonium chloride solution was added. The cells were heated to 150**F pressured to 500 psi and 
altowed to remain static for 8 hours after which the filtrate rate was measured. The cell containing the 3% potassium 
chloride brine had a filtrate loss rate of 0.4 milliliters per minute. The cell containing the ammonium chloride solution 
had a filtrate loss rate of 428 milliliters per minute. 
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100341 The foregoing tests clearly show that an aqueous ammonium chloride clean-up solution effectively removes 
filter cake containing nnagnesium oxide bridging agent. 



Claifns 
1 



ds XenS agenfr;^^^^^^^^^^ solid bridging agent, said particulate solid bridging agent compr«mg an 
fnCante Smpo^^^^^ is dLolvable by a dean-up solution comprised of water and an anr,mon,um salt. 

A fluid according to claim 1 , wherein said bridging agent is selected from metal oxides, '"e^^' "^V^^^;;'^^;^;,;",^'^' 
calonat^ meil sulfates, metal tungstates. metal fluorides, metal phosphates, metal peroxides and metal flue- 



silicates. 



3. 



7. 



8. 



9. 



10. 



A fluid according to claim 2. wherein said bridging agent is a metal oxide selected from magnesium oxide, man- 
ganese oxide, calcium oxide, lanthanum oxide, cupric oxide and zinc oxide. 

mixture of two or more thereof. 

A fluid according to any of claims 1 to 5. wherein said density increasing water-soluble salt is 

cide solm bro Jde. sodium acetate, sodium fom^ate. sodium citrate, potassium chlonde. calcum chlonde. 

calcium bromide and any mixture of two or more thereof. 

A fluid according to any of claims 1 to 6. wherein said fluid loss control agent is selected from staK^h, starch ether 
deSatives, hydroxyethylcellulose. cross-linked hydroxyethylcellulose and mixtures thereof. 

, „ . . ^ „_„ of claims 1 to 7 wherein said hydratable polymer solids suspending agent is selected f rom 

JalarsuccS^^^^^ ^-^-tives. guar, guar derivatives and any mixtures of two or more thereof. 

* th«H of r^movinn filter cako from the walls of a well bore penetrating a producing formation, which cake has 
bridging agent in the cake is dissolved thereby. 

A method according to claim 9. wherein said ammonium salt in said clean-up solution has the fomiula 



Wherein R is an alkyi radical having from 1 to 6 carbon atoms, n is an integer from 0 to 3 and X is an anionic radical 
Telectrd from halogens, nitrate, citrate, acetate, sulfate, phosphate and hydrogen sulfate. 

.1 A m^thc^d accordina to claim 9 or 10. wherein said ammonium salt in said clean-up solution is selected from 
irnlLmToS^num bromide, ammonia 
ture of two or more thereof. 

"nd Ms Ihereot, aspartic scU anC i» polymers, M any mixture of »«. or more thereol. 
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(57) Well drilling and servicing fluids for use in pro- 
ducing formations to deposit filter cake therein comprise 
water, a density increasing water soluble salt, a fluid loss 
control agent, a hydratable polymer solid suspending 
agent and a particulate solid bridging agent which is sol- 



uble in an aqueous ammonium salt solution. The depos- 
ited filter cake is then contacted with an aqueous solu- 
tion of an ammonium salt to dissolve the bridging agent. 
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